Introduction
Water quality control has become extremely important from industrial and environmental view points. Flow injection analysis (FIA) has been increasingly recognized as a valuable tool for such a monitoring system. 1 However, some problems exist when FIA is used for a monitoring process. The most important problem is the consumption of large amounts of reagents and carrier solutions during continuous monitoring. Especially, when one needs to measure the sample absorbance at definite intervals, the amount of waste fluid and the consumption of reagents would increase further in a conventional FIA system. Thus, the authors have developed a novel flow injection technique in which all reagent solutions are injected into a reaction coil and all solutions are circulated for a definite time. By this circulating process, the amount of consumption of the reagents is extremely eliminated, even in intermittent measurements. The proposed system can be used for various analytical reaction systems without rearranging the construction of the FIA assembly. We refer to this flow injection technique as an "all injection analysis (AIA)". In this paper, spectrophotometric determinations of iron(II), vanadium(IV) and copper(II) using the proposed system are described.
Experimental

Reagents
Stock solutions of iron(II) and vanadium(IV) (1.0 × 10 -2 mol dm -3 ) were prepared and standardized as done previously. 2, 3 A stock solution of 1.0 mg dm -3 copper(II) was prepared from a commercially available copper solution for atomic absorption spectrometry (1.00 g dm -3 ) (Kanto Chemicals Co.). Working standard solutions were freshly prepared daily by serial dilutions of a stock solution with 1 × 10 -2 mol dm -3 hydrochloric acid. Stock solutions of 1,10-phenanthroline (phen) (Dojindo Lab.), 2,9-dimethyl-1,10-phenanthroline (neocuproine) (Dojindo Lab.),
(Dojindo Lab.) and 3-(N-morpholino)-2-hydroxypropanesulfonic acid (MOPSO) (Dojindo Lab.) buffer solutions were also prepared in water, as described previously. 4, 5 All of the reagents were of analytical reagent grade and used without further purification. The water used to prepare the reagent and buffer solutions was obtained from a Milli-Q water purification system (Millipore Co.).
Apparatus
A schematic diagram of the proposed system is shown in 
Procedure Determination of iron(II) and vanadium(IV).
At the valve position shown in Fig. 1a) , a reagent solution (Fe II determination, a solution of 5.0 × 10 -3 mol dm -3 of phen; V IV determination, a mixture solution of 2.5 × 10 -3 mol dm -3 of Cu II and 5.0 × 10 -3 mol dm -3 of neocuproine) in syringe R1, a sample solution in syringe S, a 0.1 mol dm -3 sodium acetate solution in syringe R2 and a 0.1 mol dm -3 hydrochloric acid solution in syringe R3 were loaded into the Teflon tubings (L1 -L7) from V2, V3, V4, and V5, respectively. Then, V1 -V5 were turned to the position shown in Fig. 1c) , the solutions were introduced into the detector, and the line was washed with a carrier solution (0.1 mol dm -3 HCl). The increase in the absorbance (at 510 nm for Fe(II) and/or at 454 nm for V(IV)) was recorded.
Determination of copper(II).
At the valve position shown in Fig. 1a) , a 1.0 × 10 -3 mol dm -3 MBTH solution in syringe R1, a copper(II) sample solution in syringe S, a 1.0 × 10 -3 mol dm -3 DAOS solution in syringe R2 and a 0.2 mol dm -3 hydrogen peroxide solution in syringe R3 were loaded into the Teflon tubings (L1 -L7) from V2, V3, V4 and V5, respectively. Then, V2 -V5 were turned to the position shown in Fig. 1b) so that the solutions were confined in a closed loop. After the solutions were circulated in the loop for 2 min, V1 was turned to the position shown in Fig. 1c) . The mixture solution was introduced into the detector to measure the absorbance at 525 nm. The line was washed with a carrier solution consisting of 0.1 mol dm -3 pyridine and 0.01 mol dm -3 MOPSO buffer (pH 6.5).
Results and Discussion
To confirm the feasibility of the proposed system, a spectrophotometric determination of iron(II) based on the complexation reaction with phen and an indirect spectrophotometric determination of vanadium(IV) based on the redox reaction with copper(II) were tested. Iron(II) was determined by measuring the absorbance of an Fe(II)-phen complex (λmax = 510 nm), and vanadium(IV) was determined by measuring the absorbance of a Cu(I)-neocuproine complex (λmax = 454 nm) which was formed by the reduction of copper(II) with vanadium(IV) in the presence of neocuproine. 6 After the reagents and sample solutions were loaded into each loop at the valve position shown in Fig. 1a) , the mixture was introduced into the detector at once by switching to the valve position shown in Fig. 1c) ; e, 1.6 × 10 -7 . Conditions as in the text.
conditions. Typical flow signals for iron(II) are shown in Fig. 2 , where doublet peaks were observed, because the sample solution was divided into two parts in the flow line. When vanadium(IV) was determined by this system, almost the same flow signals were obtained. In both cases, the calibration graphs were made by using the second peaks, because the sensitivity and reproducibility of the peaks were better than those of the first one. The features of the proposed method are summarized in Table 1 , together with the results of the conventional FIA based on the same reaction. Although the sensitivity, reproducibility and sample throughput of this method are almost the same compared with a conventional method, the required sample volume and the amount of reagent consumption in this method are much less than that of a conventional one. As a result, the amount of the waste fluid can be too much suppressed.
The proposed technique was applied to the catalytic method for the determination of copper(II) reported previously. 5, 7 In the presence of hydrogen peroxide, MBTH reacts with DAOS to produce a red dye, which has an absorption maximum at 525 nm. Although the rate of the dye-forming reaction is very slow in the absence of copper(II), it is accelerated by trace amounts of copper(II). Furthermore, pyridine acts as an effective activator for the catalysis of copper(II) in this reaction. A mixture of pyridine and buffer solution was used as a carrier solution, and the MBTH, copper(II), DAOS and hydrogen peroxide solutions were loaded into the loops as shown in Fig.  1a ). After the solutions were circulated in the closed-loop for a definite time at the valve position shown in Fig. 1b) , the mixture solution was introduced into the detector by switching to the valve position shown in Fig. 1c) . The reagent concentrations and the reaction pH were selected by considering our previous study 5 and 20 h -1 , respectively. Other analytical features (sample volume, reagent consumption, waste volume) were the same as the results of Fe II and V IV given in Table 1 . It was shown that the proposed system can be applied to various analytical reaction systems without rearranging the FIA system. The device assembly is easier to construct in the system and the amount of waste fluid as well as the consumption of the reagents are extremely lower than those of the conventional FIA system. The proposed system is expected to be a useful tool for environmental and production control analyses.
